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PROPOSAL: : 
It is proposed to administer enterically D-xylose to 
white female rats, and to determine the blood glucose levels 
resulting from this administra.tion. 
RATIONALE: 
Whether D-xylose is in any way directly metabolized 
or converted to glucose and glycogen is in great dispute 
in current literature. ¥uch t hought on the matter tends 
to subscribe t o the beli ef t ha t i t i s a non-metaboli zed 
sugar . Because of lak of utilization by the body, D-xylose 
was used as a test for renal function. Helmer and Fouts (8) 
emplqyed D-xylose as a measure of the function of absorption 
from the human intestine. Althausen (1), on the basis of 
earlier work by Verzar and McDougall (22) and Cori (6), 
discarded the use of ~xylose as a test of absorption on 
the postulate that pho,sphorylation would have to occur in 
order to have monosaccharide absorption, and he found no 
evidence of the phosphorylation of D-xylose. He furthur 
concluded that intestinal absorption of this carbohydrate 
is simply a matter of diffUsion rather than a selective 
process. However, Turner (21) has demonstrated a drop in 
inorganic phosphate blood levels following administration 
of D-xylose. He interperted this as evidence that fDrmation 
of a phosphate ester does occur prior to absorption. Brien 
(5) substantiates Turner's work. 
Much work on this question has been done by many 
investigators, and although in many cases their results 
conflict, it can be said that there is evidence that 
D-xylose may perform some physiological function. vfuile 
Blatherwick (3) and Miller and Lewis (13) could detect 
no glycogen formation from D-xylose, Marble and Strieck (12) 
have shown an increase in the respiratory quotient of normal 
and diabetic men and in normal and phlorhizinized dogs. 
Although this rise was small, it may be valid because 
determination of the carbon dioxide capacity of the plasma 
showed no evidence of acidosis, which would have increased 
the output of carbon dioxide. Perhaps the best eVidence 
supporting the utilization of this pentose in some metabolic 
scheme lies in the fact that animals on diets containing 
D-xylose have sustained their weight. Darby and Day (7) 
and Blatherwick (3) have found normal growth in rats 
following ingestion of D-xylose supplemented diets, while 
Booth (4) have decreased the rate of growth in rats by in-
creasing the amount of D-xylose in their diet supplements. 
Booth presumes this growth decline to be an indication of 
lack of metabolism, the D-xylose merely acting as an un-
a~ailable source of food value. All investigators studying 
the effect of D-xylose ingestion have reported initial 
diarrhea, abdominal distention, formation of lens 
opacities, 
lastly, histological liver changes suggesting storage. 
These toxic symptoms regressed With t1 
me. Suggesting 
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D-xylose utilization is the fact that whether given orally 
or parentally, it is never fUlly recovered from the urine 
(10), (11). Although Soskin and Levine (~0) claimed that 
the administration of free pentoses result in more or less 
quantitative recovery from the urine, it is accepted that 
over half of administered D-xylose is never recovered. Also 
suggesting physiological activity is the report that D-xylose 
is responsive to the influence of insulin. (9) 
Concerning the effects of D-xylose upon blood, the 
results reported in the literature generally tend to support 
definite physiological activity. Blanco (2)., Miller and 
Lewis (~3), and Blatherwick (3) all have found an increase 
in the fermentable reducing substances of blood following 
dosage of D-xylose. The latter showed a statisically 
significant rise. 
If blood glucose concentration is increased after 
D-xylose administration, this would be strong evidence 
that metabolism or conversion does occur. If D-xylose is 
metabolized in the body, the importance of this sugar as a 
means of measuring intestinal absorption will be much in-
creased. The work of this investigation is based on this 
blood study. A more carefUlly controlled analysis of the 
blood levels was planned in order to determine the exact 
magnitude of the blood glucose increased caused by 
D-xylose, if such increases actually occur. 
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METHODS AND J.V.IATERIALS: 
Female albino rats were used throughout the ivesti-
gation. After a 48 hour fast, laparotomy was accomplished 
under local anesthesia (2% procaine). A polythene tube 
was passed per orally into the stomach, and manually manip-
ulated into the duodenum. A ligature was placed at the 
pylorus to prevent backflow into the stomach, but not 
tight enough to occlude the tube. Administration was 
accomplished by syringe injection through this tube to a 
position in the duodenum a few centimeters below the py-
lorus. 2 cc. of 25% . solution of D-xylose (Pfanstiehl) at 
4ooc. were administered. Controls received 2 cc • . of 1.25 M 
NaCl, a solution calculated to be isotonic to the xylose 
solution. Following injection of the sugar solution, the 
tube was withdrawn and the incision sutured. 
Blood samples were taken by cardiac puncture with 
1 cc. siliconed B-D tuberculin syringes with 21 gauge 
needles. 0.4 cc. samples were obtained before laparotomy 
(fasting concentration), 30, and 60 minutes after D-xylose 
administration. Xylose and glucose concentrations were 
determined for the last two; only glucose was determined 
in the fasting blood. 
The blood samples were quantitatively analyzed for the 
concentration of D-xylose by the method of Roe and Rice (15). 
The concentration of total reducing substances was deter-
by the technique of Somogyi (16-19) with the modification 
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of Nelson (14). The glucose concentration was found by sub-
tracting the D-xylose concentration from that of the total 
reducing substances. At the fasting level, the concentration 
of the total reducing substances was assumed to be equal to 
the glucose concentration. 
The samples were placed directly into 15 cc. centrifUge 
tubes. Deproteini za ti on followed · ·somogyi 's method with 2 
volumes each of 5% ZnS04 and 0.3 N Ba(0H)2 for each volume 
of blood. T!ru.s for each 0.4 de. aliquot of blood, 0.8 cc. 
of each precipitant, their equivalence previously verified, 
with phenolphthalein, were added. 6 cc. of water were add-
ed to make the dilution approximately 1-20. Mercury cali-
bration of the syringes and needles used to obtain blood 
was later done to determine the exact dilution. Each tube 
'\'las stoppered, shaken,, and centrifuged at 1000 g. for a 
period of 15 minutes. 
The supernatant was withdrawn. 2 aliquots of 2 cc. 
were placed in pyrex tubes calibrated at 25 cc. To these, 
2 cc. of Somogyi's alkaline copper reagent were added. 
Glass 'tear drops' were loosely placed at the mouths of 
the tubes .which were then immersed for ten minutes in 
boiling water. At the conclusi~n of this period, they 
were brought to room temperature, and 2 cc. of Nelson's 
arsenomolybdate chromogenic reagent were added. The 
tubes were well shaken until the color was completely 
formed, indicated by the cessation of gas evolution. 
After dilution to 25 cc., the mixture was poured into 
photometric tubes, and read at a wave length of 54oM)(. 
Tubes filled with 2 cc. of water, but otherwize treated 
similarly, served as photometric blanks. 
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The concentrations of the reducing substances were 
determined from a previously plotted standard graph in 
which the concentrations of glucose standards were 
plotted against their percent transmittance on semi-
log~rithmic graph paper to obtain a linear relationship. 
The value thus obtained from colorimetric readings 
multiplied by the exact dilution yielded the actual 
concentration of reducing substances in the blood. The 
glucose concentration was found by subtracting the xylose 
concentration from the value of total reduction. 
From the remainder of the supernatant fluid, 2 
aliquots of 1 cc. each were placed in phothmetric tubes. 
To each, 5 cc. of the Roe-Rice bromoaniline reagent were 
added, and one tube of each sample was placed in a water 
bath at 70°0. for ten minutes. Both the heated and un-
heated tubes w.ere then placed in the dark for 70 minutes 
to allow for :full color development. They were then read 
in the colorimeter at 540M~ as quickly as possib4e be-
cause the color is light labile. The unheated tube in 
each case was used as an instrument blank. 
Xylose concentrations of unknown samples were found 
by the use of standard xylose solutions whose concentrations 
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were determined by the Somogyi method. These standards were 
prepared to encompass the expected range of concentrations 
of the unknown samples. Their values were between 6.5 
and 2.5 mg. per 100 cc. solution, at 0.5 mg. intervals. 
The use of this large number of standards was necessitated 
by the fact that it was found that this method shows poor 
agreement with Beer's Law. FUrthur, the concentrations 
dealt with in this investigation fell on the curve of 
concentration plotted against transmittance at a segment 
of constantly changing slope. Because of this, it was felt 
that for maximum accuracy, many standards should be pre-
pared. The optical density was recorded for each concen-
tration, and the value nearest that of the unknown sample 
was used in calculating the concentration of that sample. 
The exact concentrations of unknown samples, therefore, 
were found relative to the standards. Because of deteri-
oration, standards were freshly prepared for each day's 
work. The D-xylos.e concentration of the blood sample 
was found by multiplying the values found relative to the 
standards by the exact dilution. 
The amount of D-xylose absorbed was determined to 
ascertain the rates of absorption of these experimental 
animals. The values obtained were compared with the 
absorption rates of a series of rats determined in the 
same laboratory using the same procedure, except for 
cardiac blood withdrawal. 
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The absorption rates were determined by the amount of 
D-xylose remaining in the intestinal contents at the con-
clusion of a one hour absorption period, as follows: 
At the end of an hour's time following sugar adminis-
tration, the animals were sacrificed with ether. The gut 
was ligatured at the rectum and at the esophagus just above 
the stomach, and removed. The intestinal tract was long-
itudinally cut and washed. The washings were placed in a 
500 cc. volumetric flask to the volume mark. Celite was 
added as a filtration aid, and the mixture was filtered. 
A 5 cc. aliquot of this filtrate was taken, and to it, 
10 cc. of each of the Somogyi precipitants were added. 
25 cc. of water were added as a diluent. The precipitated 
mixture was shaken and filtered. The D-xylose concentration 
of the filtrate was determined by the Somogyi method, as 
outlined before for blood. 
Quantitative determination of the amount of sugar 
actually administered was accomplished by placing the 
same amount of D-xylose given the rats into a volumetric 
flask for subsequent analysis. These samples were taken 
at the approximate time of administration to the rats, and 
were measured with the same syringe and polythene tubing. 
The amount of D-xylose absorbed was equal to the con-
centrations of the intestinal washings subtracted. from the 
concentration of the D-xylose administ~red. The concentra-
tion is expressed in milligrams; the rate of absorption in 
milligrams per hour; and the coefficient of absorption in 
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milligrams per 100 grams body weight per hour. The latter 
represents an attempt to correlate absorption with some 
body function. 
RESULTS AND DISCUSSION: 
The blood samples of the rats receiving saline showed 
the blood glucose increase from the operative procedure. 
The 30 and 60 minute increases were both averaged, and 
their means were regarded as factors that must be subtract-
ed from the concentrations of gl~cose in the blood of rats 
receiving D-xylose as follows: 
For each rat, mathematically, 
r: R - X - C . - B, 
where, 
I is the blood glucose increase c~used solely by the 
influence of D-xylose; R the concentration of total re-
ducing substances, including glucose and the absorbed 
D-xylose present in the blood; X the concentration of the 
blood D-xylose; C the increase due to the operative pro-
cedure, determined from the control series, described in 
the preceding paragraph; and the fasting level, B, glucose 
concentration. 
Table 1 shows the blood glucose increase for a series 
of rats receiving 2 cc. of 1.25 M NaCl. The 30 and 60 
minute mean increases from the basal level are 23.1 and 
38.0 mg. per 100 cc. blood. These sharp increases are 
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probably explained by the animals' reaction to the stress 
of handling and the operative procedure. It is probable 
that glycogen is immediately hydrolyzed as part of the 
stress reaction pattern. 
Table 1. Blood Glucose Concentrations in Control Rats. 
Concentrations in mg. per 100 cc. blood. 
RAT BASAL 30 MIN. DIFFERENCE 60 Mlti. DIFFERENCE 
NO. BLOOD BLOOD 0-30 MIN. BLOOD 0-60 MIN. 
1. 87.1 115.6 28.5 126.2 39.1 
2. 92.5 96.0 3.5 113.8 21.3 
3. 86.4 117.4 31.0 
- -
4. 88.0 115-.3 27.3 119.1 31.1 
5. 108.5 133'.4 24.9 168.8 60.3 
Mean 23.1 38.0 
Table 2 is a summary for the calculated concentrations 
of both glucose .and D-xylose, as indicated, for a series 
of 8 rats administered D-xylose. These rats received 
2 cc. of 25% solution of D-xylose. 
Animals 7 and 8 did not have a fasting blood sample 
taken. The value of 88.1 mg. per 100 cc. blood represents 
the mean of fasting levels in 17 rats. 
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Table 2. Glucose and D-Xylose Concentrations in Blood of 
Rats receiving D-Xylose. Concentration in mg. 
per 100 cc. blood. 
TOTAL REDUCTION D-XYLOSE 
RAT BASAL 30 MIN. 60 MIN. 30 lJIIN. 60 MIN. 
NO. BLOOD BLOOD BLOOD BLOOD BLOOD 
1 97.8 147.6 200.0 36.4 68.0 
2 83.6 140.5 177.8 49.7 60.4 
3 95.1 174.2 199.1 46.7 57.8 
4 98.0 157.4 227.5 23.1 38.8 
5 84.3 150.6 183.0 41.2 56.4 
6 86.4 156.1 180.8 39.9 61.5 
7 88.1 142.0 183.2 27.1 52.3 
8 88.1 155.7 199.8 49.2 67.5 
' 
Table 3 shows the calculated increase of blood glucose 
for the eight rats listed in Table ~. According to the 
equation, I ~ R - X - C - B, the xylose concentration in 
the blood; the factor for glucose increase due to the oper-
ative procedure, 23.1 and 38.0 mg. per 100 cc. blood for 
30 and 60 minutes; and the fasting blood glucose concen-
tration are subtracted from the value of total reduction. 
The result is the glucose increase that could only be in-
fluenced by the administration of D-xylose. 
Table 3. Glucose Increases resulting from D-Xylose 
Administration. Concentrations in mg. per 
100 cc. blood. 
RAT. 30 MIN. INCREASE FROM 60 MIN. INCREASE FROM 
NO. FASTING LEVEL FASTING LEVEL 
1 -9.6 -3 .8 
2 
-5.9 -4.2 
3 9.4 8.2 
4 -12.9 7.7 
5 2.0 4.3 
6 6.7 -5.1 
7 4.0 4.8 
8 -3.7 6.2 
The tabled values shown in Table 3 after allowance 
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has been made for stress influence, handling and operative, 
and circulating D-xylose indicate no increased glucose 
concentration. While in no case is the value of increase 
zero, it is felt that these values, ranging from -12.9 
to 9.4 mg. per 100 cc. blood, are indicative of no in-
crease. The entire analytical procedure involves many 
quantitative steps, and technical error within this range 
is entirely probable. This fact allied with the sensitive 
Roe and Rice technique for pentose determination, which is 
influenced by many factors such as light, make these values 
seem quite reasonable. The deviations from zero are about 
equal in positive and negative directions. This leads to 
the conclusion that there is no blood glucose increase 
following D-xylose dosage. In view of the evidence re-
ported in the literature citing a blood sugar increase as 
one of the strongest bits of evidence supporting D-xylose 
utilization, it is doubtful if this pentose fits into any 
normal body function. 
Concerning the absorption of D-xylose, Table 4 
shows the amounts absorbed over a one hour period. The 
coefficients in the last column are expressed in mg . per 
100 gm. body weight per hour, representing an attempt at 
correlation of absorption with some body function. 
Table 4. Rates of D-Xylose Absorption. Coefficients in 
the last column in mg. per 100 gm. body weight 
per hour. Blood levels shown in Table 3. 
RAT VIT. D-XYLOSE {MG. 
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NO. GM. ADMINISTERED REMAINING ABSORBED COEFFICIENT 
4 209 442.5 245.9 196.6 93.6 
5 192 501.6 300.6 201.0 103.7 
6 186 501.6 330.3 171.3 
7 125 498.9 339.5 159.4 
a: 130 498.9 343.8 155.1 
The coefficient of absorption in this particular 
investigation has two valuable functions. Primarily, it 
indicates the amount of D-xylose actually absorbed and 
allows these values to be compared with a series of rats 
similarly treated, except for cardiac puncture, by this 
9~.1 
127.1 
119.3 
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method in this laboratory. This comparison is used to 
determine the normalcy of the animals in terms of absorption. 
The values of the five rats in Table 4, with a range of 
93.6 to 127.1 mg./100 gm. body wt./hr. and a mean of 
107.3 mg./100 gm. body wt./hr., compare quite favorably 
with the reference series, which has a range of 84 to 
135 mg./100 gm. body wt./hr. and a mean of 100 mg./ 
100 gm. body wt./hr. It appears that cardiac puncture, 
therefore, does not adversely affect intestinal absorption. 
CONCLUSIONS: 
It has been demonstrated that there is not any increase 
in blood glucose \'Tithin one hour, resulting from administra-
. 
tion of D-xylose. Any increase reported is probably the 
result of stress mobi~ization of glycogen by endocrine 
forces. 
D-xylose was absorbed in five rats at the rate of 
a mean of 107.3 mg./100 gm. body wt./hr., comparing closely 
with a series treated similarly in this laboratory, except 
for cardiac puncture. The values all lie well within the 
range of the reference series. Absorption of D-xylose is 
not affected by cardiac puncture. 
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ABSTRACT: 
An attempt has been made to investigate the reported 
glucose rise in the blood resulting from administration of 
D-xylose. White~ female rats were used. They were fasted 
for 48 hours before receiving 2 cc. of 25~solution of 
D-xylose at 40°0. into the intestinal tract a few centi-
meters below the pylorus. Administration was accomplished 
by passage of a polythene tube per orally into the stomach 
and manipulation into the duodenum. Laparotomy was done 
under procaine anesthesia (subcutaneous), and the tube 
was ligatured to prevent backflow into the stomach. After 
administration, the tube was removed and the incision 
closed. A control group received 2 cc. of 1.25 M NaCl, 
a solution calculated to be isotonic to the D-xylose solution. 
0.4 cc. of blood were taken from the heart at fast, 
30, and 60 minutes, following sugar administration. The 
samples were deproteinized by the Somogyi method, and 
analyzed for D-xylose by the Roe and Rice method, for 
total reduction by the method of Somogyi, with Nelson's 
modification. The glucose concentration was found by 
subtraction. 
The mean blood glucose increases in the controls were 
23.1 and 38.0 mg. per 100 cc. blood at 30 and 60 minutes. 
This increased concentration is presumably the result of 
of endocrine reaction to the stress of the operative 
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procedure. The D-xylose concentration at 30 and 60 minutes 
was found for each rat. 
Determination of any increase caused solely by D-xylose 
was done as follows: the D-xylose concentration and the in-
crease due to stress were subtracted from the value of total 
reduction, and this value was compared to the basal concen-
tration. Any increase would be the difference between the 
two. Allowing for slight deviation because of technical 
error and the labile Roe and Rice technique, there was no 
increase. 
Absorption of D-xylose was quantitated as follows: 
at the end o£ the hour's period, the rats were sacrificed 
with ether, and the intestinal contents analyzed. The 
D-xylose remaining in the intestine was subtracted from the 
amount administered. Analysis was done by the Somogyi 
method. 
Absorption was expressed as milligrams per 100 grams 
of body weight per hour. Five rats had a mean of 107.3, 
with a range of 93.6 to 127.1, comparing favorably with a 
large series treated similarly in the same laboratory, with 
the exception of blood withdrawal. The reference series 
had a mean of 100, with a range of 84 to 135. From this, 
it is concluded that cardiac puncture has no affect upon 
intestinal absorption. 
·· .. , 
·, ~ ··. 
--- ---· 
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